TOPOLOGICAL MULTI-TIER BUSINESS APPLICATION COMPOSER 



CROSS-REFERENCE TO RELATED APPLICATION 
This application is related to co-pending and commonly-assigned U.S. patent 
application serial number xx/xxx,xxx, filed on same date herewith, by Rebecca Lau Poole, 
Howard J. Glaser, and Laurence E. England, entitled "INTERACTIVE AGENT FOR A 
TOPOLOGICAL MULTI-TIER BUSINESS APPLICATION COMPOSER," attorneys' 
docket number STL9-2000-0085US1 (30571 .265US01), which application is incorporated by 
reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

This invention relates in general to programming development environments 
performed by computers, and in particular, to the use of a programming development 
environment for Internet and Intranet applications. 

2. Description of Related Art. 

With the fast growing popularity of the Internet and Intranets, especially Web-based 
networks, there is also a fast growing demand for tools that aid in the construction of multi- 
tier Web-based business applications. However, it is difficult to create such applications. 

Developers need tools that assist and ease the complexity of the development and 
maintenance of their multi-tier business applications. Ideally, a graphical presentation of the 
multi-tier business application would be useful. In addition, there should be a mechanism to 
graphically design, develop, maintain, build, test, debug, and deploy the multi-tier business 
applications. 

Developers also need a tool that possesses knowledge and understanding of the 
various components found in the multi-tier business applications. Such a tool should 
monitor the actions of the developer and guide the developer through the process of 
composing the multi-tier business application. 
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Thus, there is a need in the art for systems that assist in the development of business 
applications on the Internet or Intranet, and especially via Web-based networks. Further, 
there is a need for simplified development environments for such systems. 

5 SUMMARY OF THE INVENTION 

To overcome the limitations in the prior art described above, and to overcome other 
limitations that will become apparent upon reading and understanding the present 
specification, the present invention discloses a computer-implemented Integrated 
Development Environment (IDE) for constructing a multi-tier business application for a 
10 multiple tier computer network. The IDE is used to create and maintain the multi-tier 
business application quickly and easily on the multiple tier computer network. 

The IDE includes a Topological Multi-Tier Business Application Composer and 
associated Meta-model, wherein the Composer allows the developer to graphically design, 
develop, maintain, build, test, debug, and deploy the multi-tier business application and the 
15 graphical representation of the multi-tier business application is then persistently stored in 
the Meta-model. 

The IDE also includes an Interactive Agent that monitors the Meta-model for an 
occurrence of a specific event and then triggers the display of a dialog box or other graphical 
element in the user interface of the IDE to interact with the developer by displaying context 
20 information comprising a list of suggested and recommended actions that advance the 
creation of the multi-tier business application. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Referring now to the drawings in which like reference numbers represent 
25 corresponding parts throughout: 

FIG. 1 is a block diagram that illustrates an exemplary multiple tier network 
architecture according to the preferred embodiment of the present invention; 

FIG. 2 is a block diagram that illustrates an integrated development environment 
(IDE) according to the preferred embodiment of the present invention; 
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FIG. 3 illustrates a user interface displayed by an integrated development 
environment (IDE) according to the preferred embodiment of the present invention; 

FIG. 4 illustrates a user interface displayed by an Interactive Agent of an integrated 
development environment (DDE) according to the preferred embodiment of the present 
5 invention; 

FIG. 5 is a flow chart that illustrates the general logic of an integrated development 
environment (IDE) in performing the steps of the present invention; 

FIG. 6 is a flow chart that illustrates the general logic for executing a Topological 
Multi-Tier Business Application Composer according to the preferred embodiment of the 
1 0 present invention; and 

FIG. 7 is a flow chart that illustrates the general logic for executing the Interactive 
Agent of a Topological Multi-Tier Business Application Composer according to the 
preferred embodiment of the present invention. 



15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the following description of the preferred embodiment, reference is made to the 
accompanying drawings which form a part hereof, and in which is shown by way of 
illustration a specific embodiment in which the invention may be practiced. It is to be 
understood that other embodiments may be utilized and structural and functional changes 

20 may be made without departing from the scope of the present invention. 

Overview 

The present invention comprises a computer-implemented Integrated Development 
Environment (IDE) for constructing a multi-tier business application for a multiple tier 
25 computer network. The IDE is used to create and maintain components of the multi-tier 
business application quickly and easily on the multiple tier computer network. Moreover, 
the IDE is powerful, yet extremely easy to use. 

The IDE includes a Topological Multi-Tier Business Application Composer and 
associated Meta-model, wherein the Composer allows the developer to graphically design, 
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develop, maintain, build, test, debug, and deploy the multi-tier business application and the 
graphical representation of the multi-tier business application is then persistently stored in 
the Meta-model. 

The IDE also includes an Interactive Agent that monitors the Meta-model for an 
5 occurrence of a specific event and then triggers the display of a dialog box or other graphical 
element in the user interface of the IDE to interact with the developer by displaying context 
information comprising a list of suggested and recommended actions that advance the 
creation of the multi-tier business application. 

In the preferred embodiment, the IDE, Topological Multi-Tier Business Application 
10 Composer, Meta-model, and Interactive Agent each comprises logic and/or data embodied 
in or readable from a device, media, carrier, or signal, e.g., one or more fixed and/or 
removable data storage devices connected directly or indirectly to a computer, one or more 
remote devices coupled to the computer via a data communications device, etc. Thus, the 
invention may be implemented as a method, apparatus, or article of manufacture. 

15 

Hardware Environment 

FIG. 1 is a block diagram that illustrates an exemplary multiple tier network 
architecture 10 according to the preferred embodiment of the present invention. In this 
example, Tier-1 12 is comprised of one or more workstations 14 that execute one or more 

20 application files 16, while Tier-2 18 through Tier-M 20 are comprised of one or more servers 
that are connected together to act primarily for transport purposes (although other 
functionality may be provided on these tiers as well). In addition, Tier-N 22 is connected to 
Tier-M 20 and is comprised of one or more servers 24 that execute a plurality of user- 
defined processes 26, where at least one of the user-defined processes 26 accesses one or 

25 more application files 16. The user-defined processes 26, and the application files 16, may 
comprise logic and/ or data. 

Those skilled in the art will recognke that any number of different configurations of 
tiers and components thereof could be used without departing from the scope of the present 
invention. For example, FIG. 1 shows that Tier-1 12 also includes one or more servers 24 
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that execute one or more user-defined processes 26, as well as workstation 14 and 
application files 16. Consequently, any tier 12, 18 or 20 may include any component or 
combination of components. 

Note also that each of the tiers, workstations, or servers may comprise separate 
5 computer hardware platforms as shown in FIG. 1, or may comprise a single computer 
hardware platform, or may comprise some combination thereof. Moreover, each of the 
computers may each include, inter alia, one or more processors, memory, keyboard, or 
display, and may be connected locally or remotely to fixed and/ or removable data storage 
devices and/ or data communications devices. In addition, each of the computers in each of 
10 the tiers also could be connected to other computers via the data communications devices. 

Integrated Development Environment 

FIG. 2 is a block diagram that illustrates an integrated development environment 
(IDE) according to the preferred embodiment of the present invention. In the preferred 

15 embodiment, the application 16 executed by the workstation 14 in Tier-1 12 comprises the 
IDE 28. The IDE 28 supports the ability of the developer to create and maintain a multi-tier 
business application. Specifically, the IDE 28 is comprised of a Topological Multi-Tier 
Business Application Composer 30 and associated Meta-model 32, wherein the Composer 
30 allows the developer to graphically design, develop, maintain, build, test, debug, and 

20 deploy the multi-tier business application. 

The Meta-model 32 of the IDE 28 captures all the information entered via the 
Topological Multi-Tier Business Application Composer 30 and persistently stores 34 this 
information in a database, file system, XML file, or other structure, so that the 
representation of the multi-tier business application is accessible to other tools that may 

25 need to collaborate with the Composer 30. The Meta-model 32 is updated and kept in 
synchronization with any updates made to the multi-tier business application via the 
Composer 30. In addition, the Composer 30 has the ability to import and export portions of 
or the entire multi-tier business application to or from the Meta-model 32 for various 
purposes, ranging from reuse of certain components to reuse of an entire multi-tier business 
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application. Likewise, the Composer 30 has the capability to print out the graphical 
representation of the multi-tier business application from the Meta-model 32. 

In the preferred embodiment, the IDE 28 comprises a framework that accepts one 
or more additional "plug-ins" that provide functionality to the framework. One such plug-in 
5 is an Interactive Agent 36, which is described in more detail below. Other plug-ins 38 can 
be used to customke the IDE 28 to provide any number of appropriate viewers, editors, 
browsers, or other tools to support the developer's needs. 

FIG. 3 illustrates a user interface 40 displayed by the IDE 28 according to the 
preferred embodiment of the present invention. The user interface 40 includes a 

10 Topological Multi-Tier Business Application Composer window 42, which is used by the 

developer to graphically design, develop, maintain, build, test, debug, and deploy a multi-tier 
business application. Generally, in the composition, modification and maintenance of the 
multi-tier business application, the developer uses the window 42 to perform, in an iterative 
manner, a number of different actions, including but not limited to, the following: 

15 • Creating the various tiers involved in the multi-tier business application; 

• Specifying the components of each tier, such as workstations, servers, 
application files, connections, data paths, user-defined processes, etc.; 

• Specifying the properties to uniquely identify each tier and its components in 
the multi-tier business application; and 

20 • Completing and refining the contents of each tier and its components in the 

multi-tier business application. 

When creating a multi-tier application, the developer generally first decides on the 
number of tiers and what platforms they will be realked upon. The next step is to identify 
the workstations and servers within each of the tiers. The final step is to define the 

25 processing performed by each tier and its components, layer by layer, or area by area. 

In the preferred embodiment, the Composer window 42 includes a tool palette 44 
containing graphical constructs (Le., icons representing tiers (I), workstations (WS), servers 
(S), application files (AP), connections, data paths, user-defined processes (UP), other user- 
defined elements, etc.), which make up a graphical presentation of the multi-tier business 
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application. These icons can be dragged from the palette 44 onto the window 42, and 
thereafter connected together, in order to design, develop, maintain, build, test, debug, and 
deploy a topological structure to the multi-tier business application. Note that the window 
42 of FIG. 3 provides a graphical presentation of the multi-tier business application from 
5 FIG. 1. 

Note also that the graphical constructs in the window 42 may contain one or more 
graphical sub-constructs that are expandable and/ or collapsible. For example, in FIG. 3, 
Tier-2 and Tier-M are collapsed boxes, as indicated by the that can be expanded, if so 
selected by the developer. This allows the developer to control the viewing and emphasis of 
10 what is of importance to them during various phases of the development life cycle. 

The window 42 also provides basic graphical composition functionalities, such as the 
following: 

• Under the File menu of the window 42, there are provided the following 
functions: Open (open an existing application), New (create a new application), Import 

15 (import an application or subportion thereof), Export (export an application or subportion 
thereof), Print (print an application), Deploy (deploy the multi-tier business application), and 
Exit (terminate processing). 

• Under the Edit menu of tie window 42, there are provided the following 
functions: Edit (edit an application), Select (select one or more components of an 

20 application), and Merge (merge the components from one tier to another tier in an 
application). 

• Under the View menu of the window 42, there are provided the following 
functions: Test Run (test an application to see the flow of information therethrough), Debug 
(debug an application in a simulation including the setting of breakpoints), Filter (controlling 

25 what components are viewed in the window 42), Zoom In (200m in the display of an 
application), Zoom Out (200m out the display of an application), and User-Defined 
Elements (specify user-defined elements for an application). 

• The window 42 also supports all other standard windowing constructs and 
functions, such as scrolling, drag and drop functionality, etc. 
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Interactive Agent 

FIG. 4 illustrates a user interface 40 displayed by the Interactive Agent 36 of the 
IDE 28 according to the preferred embodiment of the present invention. The Interactive 
5 Agent 36 provides functionality that results in a reduction in the complexity and difficulty 
encountered in the creation of the multi-tier business applications. 

Specifically, the Interactive Agent 36 monitors the Meta-model 32 for an occurrence 
of a specific event and then triggers the display of a dialog box 46 or other graphical element 
in the user interface 40 to interact with the developer. The dialog box 46 displays context 

10 information comprising a list of suggested and recommended actions to advance the 

creation of the multi-tier business application. The developer's utilkation of the suggestions 
and recommendations from the Interactive Agent 36 will result in a complete instantiation 
of the underlying Meta-model 32 as well as any appropriate supporting visual or non-visual 
elements associated with the window 42. 

15 In a preferred embodiment, the Interactive Agent 36 operates from a knowledge 

base stored as a part of the Meta-model 34, wherein the knowledge base is structured in such 
a way that the occurrence of the specific event will cause the Interactive Agent 36 to access 
the knowledge base to identify the context information. For example, if the user has just 
created a mid-tier architecture with 3 servlets, all of which access the same target database 

20 table with exactly the same query, the Interactive Agent 36 may recommend that the 

developer create a common servlet that contains the query, and have each of these other 
servlets use the common servlet 

Preferably, the Interactive Agent 36 includes both a Novice and Advanced Mode, 
although other modes may be used in alternative embodiments. In one embodiment, the 

25 Interactive Agent 36 is triggered in the Novice Mode when the specified event is selected 
from a group including, but not limited to, the following: 

• Opening a new window 42 for the first time, which may result in the display 
of information that informs the developer of the functions and features available in the 
window 42; 
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Adding a new type of graphical element to a window 42; 
Repetitiously adding the same type of graphical element to the window 42; 
Transitioning from one window 42 to another window 42; 
Defining more than a predetermined number of tiers; 
Defining less than a predetermined number of tiers; 
Defining more than a predetermined number of workstations; 
Defining less than a predetermined number of workstations; 
Defining more than a predetermined number of applications; 
Defining less than a predetermined number of applications; 
10 • Defining more than a predetermined number of data paths; 

Defining less than a predetermined number of data paths; and 
Failure to use a specified feature in a window 42 (e.g., an apparent non- 
awareness of the feature). 

On the other hand, the Interactive Agent 36 is triggered in the Advanced Mode 
15 when the specified event comprises a possible imbalance in the portion or entire multi-tier 
business application based upon an heuristic analysis of the information gathered so far by 
the composition tool and stored within the Meta-modeL 

In the example of FIG. 4, the Interactive Agent 36 is triggered based upon the 
monitoring of the information instantiated in the underlying Meta-model 32, in combination 
20 with a sequence of recent tasks and actions performed by the developer during the 

construction of the multi-tier business application using the window 42 and palette 44. The 
dialog box 46 displayed by the Interactive Agent 36 makes a recommendation to the 
developer to consider the addition of an intermediary component between two existing 
components already in the graphical composition, based upon knowledge of the inputs and 
25 outputs from one piece to another and then constructing the list of candidate components. 
The developer can then select the components categorized by type (e.g., application file, data 
path, connection, user-defined process, etc.) to create an instance of the component 
Thereafter, the presentation in the window 42 is updated accordingly, as is the Meta-model 
32. 
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Logic of the Invention 

FIG. 5 is a flow chart that illustrates the general logic of the IDE 28 in performing 
the steps of the present invention, and more specifically, in performing the steps necessary 
5 for handling the user interface for the IDE 28. In the IDE 28, operations are performed 
when transitions are made, based upon input events, from present or current states to new 
states. 

Block 48 represents the IDE 28 waiting for an input event (e.g., a mouse button click 
or keyboard entry). It should be appreciated that during this time, other system tasks, e.g., 

10 file, memory, and video tasks, etc., may also be carried out. When an input event occurs, 

control passes to block 50 to identify the input event Based upon the input event, as well as 
the current state of the IDE 28 determined in block 52, a new state is determined in block 
54. In block 56, a transition is made to the new state and the IDE 28 performs any actions 
required for the transition. In block 58, the current state is set to the previously determined 

15 new state, and control returns to block 48 to wait for more input events. 

The specific operations that are performed by block 56 when transitioning between 
states will vary depending upon the current state and the input event The various 
operations required to implement the present invention represent particular events handled 
by the IDE 28. However, it should be appreciated that these events represent merely a 

20 subset of all of the events handled by the IDE 28, and the workstation 12 executing the IDE 
28. 

FIG. 6 is a flow chart that illustrates the general logic for executing the Topological 
Multi-Tier Business Application Composer 30 of the IDE 28 according to the preferred 
embodiment of the present invention. 
25 Block 60 represents the Integrated Development Environment (IDE) 28 being 

executed by a computer, so that it can be used by a developer to create and maintain a multi- 
tier business application on a multiple tier computer network. 

Block 62 represents the Topological Multi-Tier Business Application Composer 30 
of the IDE 28 being executed by the computer, so that it can be used by the developer to 
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graphically design, develop, maintain, build, test, debug, and deploy the multi-tier business 
application. 

Block 64 represents the window 42 and a palette 44 of the Composer 30 being 
displayed on the computer, wherein the palette 44 contains graphical constructs representing 
5 tiers and components of the tiers, wherein the components of the tiers are selected from a 
group comprising workstations, servers, application files, connections, data paths, user- 
defined processes, and other user-defined elements. 

Block 66 represents icons being dragged from the palette 44 onto the window 42, 
and thereafter connected together. 

10 Block 68 represents the Composer 30 being used to perform one or more other 

actions, such as creating the tiers involved in the multi-tier business application, specifying 
the components of each of the tiers, interconnecting the components of each of the tiers, 
and specifying properties that identify each of the tiers and the components of the tiers. 

In Blocks 66 and 68, as the developer interacts with the Composer 30, the actions 

15 that are performed may be recorded in an "Undo" list, so that the developer has the option 
of undoing these actions, up to the point where the last "save" was performed. The actions 
recorded in the Undo list are not committed to the Meta-model 32 until the developer 
explicitly performs a "Save" or "Save As" operation, or in the event that an auto-save agent 
is present and active in the IDE 28. 

20 Block 70 represents the Meta-model 32 capturing information entered via the 

Composer 30 and persistently storing 34 the information. In addition to the multi-tier 
business application, the information stored in the Meta-model 32 may also include: (1) 
hardware, software, and communication attributes, such as 1/ O capacity-throughput, 
translation/transformation requirements, processing speed, resource storage, and cache 

25 capacity; (2) additional modulating factors, such as time dependent variables, and (3) other 
information. Such additional information may be utilized in analyzing an optimal 
deployment configuration for the multi-tier business application, or in deteimining optimal 
performance during peak usage. 

Block 72 represents the Composer 30 being used to deploy the multi-tier business 
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application. This step is performed when the developer is satisfied with the composition 
and details of the multi-tier business application. In this Block, the developer can specify 
deployment parameters, which are then persistently stored 34 within the Meta-model 32. 
Examples of deployment parameters may include: machine names, IP addresses, installation 
paths, installation user-id, required permissions, build options, services, as well as other 
information. 

FIG. 7 is a flow chart that illustrates the general logic for executing the Interactive 
Agent 36 of the IDE 28 according to the preferred embodiment of the present invention. 

Block 74 represents the Interactive Agent 36 monitoring the Meta-model 32 for an 
occurrence of one or more specific events. 

Block 76 represents the Interactive Agent 36 triggering the display of a graphical 
element in the IDE 28 to interact with the developer, wherein the graphical element includes 
context information comprising a list of suggested and recommended actions. 

In Block 74, if the Interactive Agent 36 includes a Novice mode, then the Interactive 
Agent 36 can be triggered in the Novice Mode when an event occurs, such as the following 
events: 

• Opening a new window 42 for the first time, which may result in the display 
of information that informs the developer of the functions and features available in the 
window 42; 

• Adding a new type of graphical element to a window 42; 

• Repetitiously adding the same type of graphical element to the window 42; 

• Transitioning from one window 42 to another window 42; 

• Defining more than a predetermined number of tiers; 

• Defining less than a predetermined number of tiers; 

• Defining more than a predetermined number of workstations; 

• Defining less than a predetermined number of workstations; 

• Defining more than a predetermined number of applications; 

• Defining less than a predetermined number of applications; 

• Defining more than a predetermined number of data paths; 
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• Defining less than a predetermined number of data paths; and 

• Failure to use a specified feature in a window 42 (e.g., an apparent non- 
awareness of the feature). 

Also in Block 74, if the Interactive Agent 36 includes an Advanced mode, then the 
5 Interactive Agent 36 can be triggered in the Advanced Mode when an event occurs, such as 
a possible non-optimization or imbalance in a portion of the multi-tier business application 
based upon an heuristic analysis of the information gathered by the Composer 30 and stored 
within the Meta-model 32. The possible non-optimization is determined by examining 
attributes of the multi-tier business application stored within the Meta-model 32. 

10 

Conclusion 

This concludes the description of the preferred embodiment of the invention. The 
following describes some alternative embodiments for accomplishing the present invention. 
Those skilled in the art will recognize many modifications may be made to this exemplary 

15 embodiment without departing from the scope of the present invention. For example, those 
skilled in the art will recognize that any combination of the above components, or any 
number of different components, including different logic, data, different peripherals, and 
different devices, may be used to implement the present invention, so long as similar 
functions are performed thereby. 

20 In summary, the present invention discloses a computer-implemented Integrated 

Development Environment (IDE) for use in constructing a multi-tier business application 
for a multiple tier computer network. The IDE is used to create and maintain the multi-tier 
business application quickly and easily on the multiple tier computer network. The IDE 
includes a Topological Multi-Tier Business Application Composer and associated Meta- 

25 model, wherein the Composer allows the developer to graphically design, develop, maintain, 
build, test, debug, and deploy the multi-tier business application and the graphical 
representation of the multi-tier business application is then persistently stored in the Meta- 
modeL The IDE also includes an Interactive Agent that monitors the Meta-model for an 
occurrence of a specific event and then triggers the display of a dialog box or other graphical 
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element in the user interface of the IDE to interact with the developer by displaying context 
information comprising a list of suggested and recommended actions that advance the 
creation of the multi-tier business application. 

The foregoing description of the preferred embodiment of the invention has been 
5 presented for the purposes of illustration and description. It is not intended to be exhaustive 
or to limit the invention to the precise form disclosed. Many modifications and variations 
are possible in light of the above teaching. It is intended that the scope of the invention be 
limited not by this detailed description, but rather by the claims appended hereto. 
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